The commercial aircraft is designed to be larger and lighter for transporting more passengers or cargo. As a result, avionics systems shall be highly integrated and efficient avionics architecture. The author will provide an Integrated Modular Avionics (IMA) architecture with Avionics Full-Duplex Switched Ethernet (AFDX) network for avionics architecture design and propose the means of safety analysis.
aerospace industry. The procedure followed by the Avionics Team is a V-sharp design life cycle model [2] , see Fig.1 .
Fig.1 Basic V-Model

AADN System Design and Architecture
This chapter aims to demonstrate all the AADN system design and architecture in detail. System interface design will be introduced firstly followed by functional architecture design base on the redundancy design. Then IMA hardware and software design will beshown respectively. Finally, the complete AADN network architecture is achieved and PSSA is carried out in the next chapter to show the reasonability and reliability of avionics architecture.
System Interface Design
The author assumes that there are 13 subsystems in the avionics systems. The primary task of Avionics Architecture Data bus Network (AADN) System is to integrate all the 13 subsystems into one network, which contributes to reliable data communicating among avionics systems according. Fig.2 This interface has the capability of connect with all the other avionics subsystems and also Research, volume 78 provides the interface with sensors and actuators required, which achieves highly integrated data communication in avionics systems. This functional diagram shows the internal modular architecture in an IMA cabinet. Except the backplane, common resources and I/O module, there are five primary modules, power supply modules, end system modules, processors (Applications) modules provided by the subsystems suppliers, memories modules and spares module integrated into this cabinet.
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Functional Architecture Design
In each IMA cabinet, two power supply modules are configured to avoid the single point failure. End systems establish the interface between IMA and AFDX networks and also provide the network management. Applications are provided by the subsystems suppliers and host in the processing card (application functional module), which is convenient to upgrade or replace. Various applications (processing cards) in the IMA cabinet can communicate with each other through backplane. Spare modules are generally reserved for back up. The Backplane provides medium of communication between avionics function hosted in it. Specially, Partitioning is generally used in order to help segregate mixed-criticality applications in IMA.
Due to the definition of catastrophic level of system failure classification, AADN shall be capability of redundancy both in components and network. Four IMA Cabinets are connected into the AFDX network as Fig.4 . This figure is used to show the redundancy concept and each IMA consists of power suppliers, end systems, common resources and so on with different colours. Various applications of avionics systems are allocated into four cabinets respectively.
According to specification of AFDX, at least two networks (channels) called Network A and Network B, are required for redundancy. This architecture averages the output of redundant networks so that all the networks are functional all of the time and faulty network will be disconnected in the event of failure. When the data are sending out, end systems will replicate the data and send them to both two networks, A and B. The receiving end system then will carry on checking and running redundancy management. Fault, lost and slowest data from the networks will be eliminated. Therefore, the high reliability of communication is based on redundant transmission (Dual Redundancy).
Dual redundancy in the switched network and four IMA cabinets are designed for Avionics Architecture Data bus Network (AADN) as Fig.4 . This figure is used to describe the detailed architecture and connection in the entire AFDX/IMA. In an IMA cabinet, applications from different subsystems can transmit the data through the IMA backplane.
In the whole AFDX network, various applications can exchange the data in the end systems of IMA cabinets and then data will be connected into network by AFDX switches, which achieves data communication among all the avionics systems. Noticeably, Remote Data Concentrator Unit (RDCU) is not only developed for sensors, actuators such as antennas, but also used for data transformation between different data buses (ARINC 429, ARINC 664 P7 etc.) or types of data (analogue data, digital data etc.)
In conclusion, this network can ensure deterministic data transmission and reception and avoidance of single failure. 
System Safety Analysis
After developing the system architecture and fault hazardous analysis (FHA), the safety targets for the subsystems shall be calculated and then from the system level to component level (hardware and software). It is an iterative analysis during all the development process starting from the requirements capture, then architecture design and safety targets allocation, to system safety assessment (SSA) for verifying whether the design targets have been fulfilled. This author gives a top-down fault tree analysis (FTA) of AADN in the chapter.
FTA of AADN Network
According to the system level FHA, loss of AADN network is catastrophic for failure condition (failure probability less than 10-9) and this top event can be divided into three sub-events, loss of IMA, loss of data communication and loss of RDCU respectively. See Fig.5 . The primary components in IMA are power supplier module, backplane and processor card. In addition, loss of end systems have been calculated in the communication network. Fig.7 shows FTA of IMA.
FTA of RDCU
FTA of Remote Data Concentrator Unit is shown in Fig.8 . 
Summary
Currently, avionics systems have been developing significantly while avionics architecture is designed to be highly integrated. Integrated Modular Avionics (IMA) with AFDX network is a trend for the avionics architecture design in the future. The author propose the AADN architecture design and the means of safety analysis.
In this article, four IMA cabinets are designed to host 13 subsystems applications, which achieve the integration of avionics architecture as high as possible. Each IMA cabinet has 10 slots for 2 power suppliers, 2 end systems, 5 applications and others for backup. COTS have been chosen for the IMA components. Application inside the IMA cabinet can transmit the messages with each other by VME backplane. The processing cards selected provide different computational capability for various applications. All the IMA design is in compliance with DO-297 and ARINC 653.
In the AFDX network, dual redundancy architecture is developed for ensuring the safety and reliability. AFDX switch and end system are chosen from COTS. All the design of AFDX network is compliance with ARINC 664 P7.
